Introduction: Pulmonary Hypertension (PH) is a disorder of the pulmonary vasculature with high mortality and bears a large economic burden on the healthcare system. We conducted a review of the largest inpatient database in the United States and analyzed the trends in hospitalizations due to PH from the turn of the century (2000) to 2013 to evaluate the rate of hospitalizations and determine the cost and mortality associated with PH. Material and methods: We analyzed the National Inpatient Sample Database (NIS) for all patients in which PH (Primary or Secondary) or cor pulmonale was the primary discharge diagnosis (ICD-9: 416.0, 416.8 and 416.9) from 2000 to 2013. The NIS is the largest all-payer inpatient database in the United States and contains data from approximately 8 million hospital stays each year. The statistical significance of the difference in the number of hospital discharges, lengths of stays and associated hospital costs over the study period was calculated. Results: In 2000, there were 12,066 hospital admissions with the principal discharge diagnosis of pulmonary hypertension, which increased to 13,605 admissions in 2013 (p < 0.001). The mean length of stay for PH increased from 5.89 days to 6.67 days during this period (p = 0.04). During the same period, the hospital charges increase by 174.5% from US$ 24,973 in 2000 to US$ 68,545 in 2013 (Adjusted for inflation). The aggregate cost of hospital visits of a patient increased by 209.5% from US$ 301,324,218 in 2000 to US$ 932,554,725 in 2013 Conclusion: The number of inpatient discharges related to PH has increased even though the number of inpatient discharges with PAH has been reported to be lower in literature. The mean length of stay has also shown a mild increase. This increase is associated with a significant increase in the mean and aggregate cost. These inpatient costs associated with PH contribute significantly to the total healthcare burden. Further research on cost-effective evaluation and management of PH is required.
Introduction
Pulmonary hypertension (PH) is a chronic and devastating disease characterized by progressive increases in pulmonary arterial pressure and pulmonary vascular resistance eventually leading to right ventricular failure and death [1, 2] .
It is characterized by a mean pulmonary arterial pressure (mPAP) ≥ 25 mm Hg at rest and pulmonary arterial hypertension (PAH), a specific subgroup of PH, has the added criteria of a pulmonary capillary wedge pressure (PCWP) ≤ 15 mm Hg [3] [4] [5] . The World Health Organization (WHO) currently classifies PH into 5 groups (Table 1) [6] .
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The exact prevalence of PH in the world is unknown, and its real burden may be largely underestimated [7] . A surveillance from the United States Centers for Disease Control and Prevention from 1980 to 2002, demonstrated an increased rates of hospitalization associated with PH with around 200,000 hospitalizations having PH as a primary or secondary diagnosis [8] . The severe symptoms of PH often present at an advanced stage of the disease process leading to a delay in diagnosis [9] . Hospitalizations related to PH also create a significant economic burden due to the costly nature of diagnostic procedures and medications. Most of the epidemiological information about PH is obtained from specialized disease registries [10, 11] . With the recently expanding research into the etiology, diagnosis and management of PH, it is important to provide updated epidemiological data regarding the disease to aid in the understanding of health utilization costs. Thus we conducted a review of the largest inpatient database in the United States and analyzed the trends in hospitalizations due to PH from the turn of the century (2000) to 2013.
Material and methods
The National Inpatient Sample (NIS) database was used to obtain a population-based estimate of national trends of PH. The NIS database is a tool developed as a part of the Healthcare Cost and Utilization Project (HCUP), and is sponsored by the Agency for Healthcare Research and Quality. The NIS database is the largest publicly available all-payer inpatient care database in the United States. The NIS database is designed to approximate a 20% sample of US community (nonfederal) hospitals, and is organized according to geographic region, hospital ownership, location, teaching status, and number of beds amongst others. The 2000 NIS database contains a total of approximately 7.5 million records. The 2013 NIS database contains a total of about 7.1 million records drawn from 44 states and includes information from 4363 hospitals. This database is drawn from all over the United States and represents a majority of the US population. The immense size of the NIS database provides an exceptional representative sample of the general US population. In order to identify cases of PH, the NIS database was queried for hospital data on all discharges with ICD-9-CM primary diagnosis codes of 416.0, 416.8 and 416.9 (Primary pulmonary hypertension, Secondary pulmonary hypertension & cor-pulmonale) from 2000 to 2013. In 2012, the NIS database was modified to draw data from all hospitals in the hospital frame to provide more efficient sampling while maintaining the same strata. The NIS database provides only administrative data for analysis and patient-specific clinical data are not available. It was assumed that the patients were formally diagnosed with PH by means of right heart catheterization.
Variables recorded
Recorded patient demographics include age and gender. Hospital characteristics included bed size (small, medium, and large) and owner (government, private non-profit or private for-profit) and the region of location (Northeast, Midwest, South & West). Hospital bed size varies depending on the hospital's location and teaching status. Small hospitals range from 1 to 299 beds, medium hospitals range from 50 to 499 beds, and large hospitals range from 100 to 500 or more beds. The payer status for all admissions was also considered and divided into categories of Medicare, Medicaid, private insurance, uninsured, and other. "Hospital Charges" are defined as the amount the hospital charged for the patient' s entire hospital stay, but it does not include professional (physician) fees. As per NIS, "aggregate charges" or the national "bill" is defined as the sum of all charges for all hospital stays in the United States and "length of stay" as the number of nights the patient remained in the hospital per stay.
Statistics
The trends for average length of stay, mean total charges, mortality and total number of discharges specifically for the diagnosis of PH were plotted and analyzed from 2000 to 2013. The frequency of discharges with PH was calculated by dividing the annual number of discharges with a primary discharge diagnosis of PH by the total number of all discharges listed in the NIS for each year. The Pearson Chi-Square test was used to In addition to the percentages available adjacent to the data in the tables, the frequency per 10,000 admissions for each variable was calculated. Thus the numbers are a representation of the density of patients admitted/discharged with PH compared with the total number of hospital discharges per category. Each frequency was calculated by dividing the number of patients with pulmonary hypertension by the total discharges in a specific categorical variable for each year and multiplying the number by 10,000. Rates that have been compared over time using Poisson regression, which yields relative rates (RRs) that express the ratio of rate per 10,000 in 2013 to that in 2000. P-value of < 0.05 was considered to be statistically significant.
Results
Results characterizing the trends in PH related hospitalizations, length of stay, cost, mortality and discharges have been outlined in Tables 2 and 3 .
Number and cost of PH discharges
From 2000 to 2013, the total number of hospital discharges with the principal diagnosis of PH increased by 12.8% from 12,066 to 13,605 (p < 0.001). Thus the frequency of hospital discharges with PH as the principal diagnosis increased from 3.42 per 10,000 discharges to 3.82 per 10,000 discharges (RR = 1.12, 95% CI: 1.09-1.15; p < 0.001). The linear trend of PH admissions and discharges also showed a statistically significant increase from 2000 to 2013 (R² = p) ( Fig. 1) .
The average length of stay of a PH admission showed an increase from 5.89 days in 2000 to 6.67 days in 2013 (Fig. 2) . The aggregate cost of hospital visits of a patient with the principal diagnosis of PH increased 209.5% from US$ 301,324,218 in 2000 to US$ 932,554,725 in 2013. The mean hospital charges per patient increased 174.5% from US$ 24,973 in 2000 to US$ 68,545 in 2013 (Adjusted for inflation).
Patient characteristic by age
The highest number of patient discharges in both 2000 and 2013 was noted in the 65-84 age group. The frequency of discharges was noted to be higher in the 45-64 age group in 2000 (5.74 per 10,000 discharges) while it was highest in the 65-84 age group in 2013 (5.56 per 10,000 discharges). The increase in the frequency of discharge rates was most remarkable in age groups 65-84 and > 85 years. A drop in the rate of discharges was noted in the age groups 18-44 (R = 0.85, 95%CI: 0.80-0.90; p < 0.001) and 45-64 (RR = 0.90, 95% CI: 0.86-0.94; p < 0.001).
Patient characteristics by sex
The number of PH admissions and discharges was noted to be greatest in females both in 2000 and 2013, increasing from 3.7 per 10,000 discharges in 2000 to 4.41 per 10,000 discharges in 2013.
(RR = 1.19, 95% CI: 1.16-1.23; p < 0.001). The increase for males did not show a statistically significant rise and increased from 3 per 10,000 discharges in 2000 to 3.03 per 10,000 discharges in 2013 (p = 0.74).
Patient characteristics by payer group
The relative frequency of PH discharges increased for all types of payer groups except Medicaid over this 13-year period. The highest absolute number of PH discharges was in the Medicare group in both 2000 and 2013, which increased from 4.93 per 10,000 discharges in 2000 to 5.71 per 10,000 discharges in 2013 (RR = 1.16, 95% CI: 1.12-1.20; p < 0.001). While in 2000, the frequency of discharges from the Medicare group was higher (2.87 per 10, 000 discharges), the drop of discharges from Medicare group meant that the frequency of discharge of patients with Private insurance was higher in 2013 (2.66 per 10,000 discharges). There was a modest increase in the number of discharges in both the uninsured and other payer groups as noted in Table 1. www.journals.viamedica.pl 
Pulmonary Hypertension discharges by hospital ownership, characteristics and region
There was a rise in the number of PH discharges from all 3, hospital owner categories from 2000 to 2013 (Government, Private (Not-for-profit) and Private (For-profit). The overall highest number of discharges were seen from Private, not-for-profit hospitals. The highest increase in frequency was seen in discharges from Government hospitals (RR= 1.18, 95% CI: 1.11-1.26; p < 0.001). In 2000 a patient with PH was more likely to be admitted and discharged from a hospital with a large number of beds (65.85%) as compared to hospital with medium or small number of beds, and this trend continued in 2013 (69.45%).
The South had the highest number of both PH discharges and total discharges in 2000 as well as 2013. Even then, the increase in the frequency of discharge in the South from 2000 to 2013 was not statistically significant (p = 0.085). On the contrary, the Midwest had the highest frequency of PH discharges in 2000 with 3.74 per 10,000 discharges while in 2013 it was highest in the www.journals.viamedica.pl West with 4.3 per 10,000 discharges. The total number and frequency of discharges in all regions except the South showed a statistically significant increase ( Table 1) .
Pulmonary hypertension discharges with mortality rates and discharge disposition
The percent mortality of patients admitted and discharged with a principal diagnosis of PH decreased from 6.69% in 2000 to 4.56% in 2013 with a statistically significant decrease in the linear trend (R² =; p < 0.01) (Fig. 3 ). The number of routine discharges decreased from 68.23% to 57.59% of the total discharges. On the other hand, discharges from the hospital to nursing home and rehabilitation increased from 9.07% to 12.94% (RR = 1.38, 95 CI: 1.28-1.48; p < 0.001). Also notable was the fact patients discharged with www.journals.viamedica.pl 
Discussion
Pulmonary hypertension continues to be a challenging disease to diagnose and manage due to its heterogeneous etiology and complex pathogenesis. There appears to be a growing number of diagnoses of PH, possibly due to the greater awareness of this once considered, rare disease or due to better screening and diagnostic availability i.e. right heart catheterizations and echocardiography. However determining the exact epidemiology has proven challenging due to a lack of global consensus on prevalence. In the United Kingdom, a prevalence of 97 cases per million with a female: male ratio of 1.8 has been reported and in the United States the age-standardized death rate ranges between 4.5 and 12.3 per 100,000 population [12] . The United States' national inpatient database provides valuable information, exploring aspects of patient characteristics, epidemiology as well as providing a snapshot of economic burden of this disease.
Discharges and length of stay
Our study demonstrated that in the national trend of the United States; there was a statistically significant increase in the overall number of hospitalizations for PH from 2000 through to 2013. This was in spite of the fact that a recent study reported a decline in the number of hospitalizations associated with PAH (Group 1) alone from 2001 through 2012 [13] . This would indicate that the rise in the number of hospitalizations due to PH can actually be attributed to an increase in admissions due to secondary causes of PH i.e. WHO Group 2-5 PH. A review of literature did not yield any comparative data in terms of hospital admissions for all WHO groups of PH. Most available data in literature focuses of WHO Group I PAH, possibly due to the fact that there is available pharmacological treatment.
This overall increase in hospitalizations may be attributed to a number of causes. One explanation may be the increased awareness about PH in the modern management era. While PH was once known as an orphan disease [8] , new effective therapies to treat PAH are now available. Primary or idiopathic PH was once considered a rare disease that affected young women at the time of the initial National Institutes of Health (NIH) registry [14] . Thus older patients might have often been not considered candidates for diagnosis of PH at that time. This fact has likely changed thus leading to an increase in the diagnosis of PH especially in that subgroup (Group I PH). This is reinforced by the fact that the number of admissions in the age group > 85 years has shown a significant rise from 2000 to 2013. Thus increased awareness has likely played a major role in increasing the total number of patients diagnosed with PH.
Another contributing factor is the wide spread use of doppler echocardiography and other imaging modalities in the community leading to increase in the diagnosis of PH. Papolos et al. recently showed that between 2001 and 2011, the absolute volume and incidence of echo increased at an average annual rate of 3.41% and 3.04% www.journals.viamedica.pl respectively [15] . A study in 2009 concluded that the use of computed tomography (CT) had doubled and the use of magnetic resonance imaging (MRI) had tripled in the 10 years preceding the study [16] . Both these tests demonstrate an enlarged pulmonary arterial size or other radiographical features of PH, which may lead to the diagnosis of PH. The rise of hospitalizations could also be attributed to the fact that previously diagnosed PH patients might be readmitted due to an overall decrease in mortality as discussed later.
Our study also demonstrated a significant, 13% increase of length of hospital stay from 2000 to 2013. This may seem counterintuitive as our diagnostic and treatment modalities have advanced over the analyzed time period. The exact reason for the increase in length of stay is unknown however it may be attributed to possible complications associated with advanced stages of PH disease. A German study by Wilkens et al. demonstrated that the average length of stay of PAH a patient was 11.8 ± 28.2 days [17] . As the availability of advanced diagnostics i.e. right heart catheterization become available in all healthcare centers the increase in the number of inpatient diagnostic tests could also contribute to the increased length of stay in these patients. Another recent study noted an increased frequency of cardiogenic shock, cardiac dysrhythmias, acute respiratory failure and renal failure in patients with PH [13] , which in turn may lead to an increased length of stay.
Age characteristics and payer status
There was a trend towards admission of patients greater than 65 years of age that is in line with all recent studies that found a shift in diagnosis of PH to an older age [13, [18] [19] [20] . Most patients continued to be women in both 2000 and 2013. There was no statistically significant increase in the frequency of men with hospitalizations due to PH in 2013 compared to 2000. In terms of payer status, we found that the highest absolute number of PH discharges was in the Medicare group in both 2000 and 2013. This is likely due to the fact that 44.4% of the patients in 2000 and 49.80% of the patients in 2013 were above the age of 65. Although there was a decrease in the number of PH patients with private insurance, this was likely a reflection of the national trend in 2013 where lesser patients had private insurance as compared to patients in 2000. The relative frequency of PH with private insurance actually showed a small increase. We noted that patients with PH were more likely to be admitted to private, not-for-pro-fit hospitals. We also observed that patients with PH were more likely to be admitted to hospitals with a large number of beds as compared to hospitals with a medium or small number of beds. This might be due to the fact that tertiary care hospitals, which usually have large number of beds, are better equipped to deal with the complex course of a pulmonary hypertension patient. In terms of regional distribution, the southern part of United States had the highest number of absolute discharges of PH patients in both 2000 and 2013.
On the other hand, the Midwestern United States had the highest frequency.
Health utilization costs
We found that the aggregate hospital charges adjusted for inflation for patients with PH increased 2.1 fold from 2000 to 2013. There are several possible explanations for this rise. As noted earlier, there is an increased frequency of complications in patients with PH. Increased complications leads to an increased length of stay and an associated increased cost of hospitalization. There has also been a tremendous rise in the usage of diagnostic modalities amongst patients admitted to the hospitals in United States in the last decade [15, 16] . This increased use of diagnostic modalities is associated with an increased healthcare expenditure.
The approval of new, expensive drugs targeted against WHO Group I PAH such as Epoprostenol, Bosentan, Sildenafil, Ambrisentan, Tadalafil and Riociguat have likely also contributed to the increased healthcare burden while the patients are admitted to the hospital (Fig. 4) . The European Society of Cardiology's practice guideline on PAH released in 2004 redefined PAH as per the new clinical classification and described an algorithm of various investigative tests, procedures and evidence-based treatment. This likely contributed to an accurate diagnosis and management of PAH at the expense of increasing healthcare costs [21] . A study by Kirson et al. that analyzed a private insurance database from 2002-2007 demonstrated as compared to the general population patients with PAH had substantially higher costs and comorbidity resulting in 40% of excess costs associated with management and treatment of PAH patients [22] . On the contrary, management of PH WHO Group II & III is focused on treatment of the underlying disease. Newer therapies for these diseases such as heart failure, chronic lung disease and other connective tissue disorders also contribute to an increased cost of hospitalization. This includes the use of invasive modalities and implantable cardiac devices for cardiac condition in patients with Group II PH and the use of novel drugs in the treatment of patients with Group III PH. Our results are consistent with previous studies that have found an increased length of hospitalization and an increased inpatient cost for PH related hospitalizations [13] .
As our analysis focuses on data from the United States, the perspective provided is that of a multi-payer health system that is semi privatized. It is important to understand the dynamics of PH admission and the health utilization costs in single payer health systems. In a study by Vaid et al. [23] on Ontario in Canada, it was noted that there were higher hospitalization costs, nearly fivefold, in the cohort of PAH patients who died due to their disease as compared those who survived. Though this is a small sample size we are able to see that costs are high, and that patients with more severe disease have greater health utilization costs regardless of whether they were hospital or pharmaceutical related. There is yet to be comprehensive data on PH as a whole in a single payer system. From the data put forth, emphasis of PH should be placed on early diagnosis and management. In a study by Sikirica [24] , it was found that subjects with evidence of PAH had substantively high health care costs. Medical costs appeared to decrease following medication use for PAH, but with a concomitant increase in pharmacy costs. Cost of PH diagnosis and management is detrimental as there is a correlation between socioeconomic status of patients with clinical outcomes and disease severity at presentation in PH [25, 26] .
Mortality
Our analysis showed that there was a 23% reduction in mortality in 2013 as compared to 2000 amongst patients hospitalized with diagnosis of PH. The mortality rate reduced from 6.69% in 2000 to 4.56% in 2013 (Fig. 4) . The progressive decrease in mortality has been heralded by newer therapies for Group 1 and Group 4 PH and improvement in treatment options for chronic lung and chronic heart disease. An early diagnosis due to the increased use of imaging modalities, follow up at dedicated PH centers and close outpatient follow up have all likely contributed to this reduced mortality. A review of the discharge disposition revealed that there was a significant increase of the number of discharges with home health care from 2000 to 2013. This possibly reflects the multiple co-morbidities as well as the complex nature of the patient's illness. This also contributes significantly to the increased burden on healthcare expenditure. A significant increase was also seen in the number of patients discharged to a nursing home or rehabilitation facility. The increases in discharges to a nursing home is consistent with the fact that more patients admitted for PH are above the age of 85 and thus are more likely to be nursing home residents. Patients with increased length of stay and associated physical debilitation are also more likely to require rehabilitation facilities before discharge back to home or nursing home.
Limitations
The design of this study and the nature of the NIS database set leads to some important limitations. As this is an administrative data set, it reflects the coding practices of each institution. Thus it is likely that these results underestimate the actual number of patients admitted and discharged with the diagnosis of PH. It is likely that patient's discharges may have been coded with an alternative primary diagnosis such as heart failure, hypoxemia, chronic lung diseases or other underlying connective tissue disorders with PH as a secondary diagnosis. For our study these patients were excluded as they might have been admitted for a non-cardiopulmonary manifestation and carried a secondary diagnosis of PH. With the use of the NIS database it would also be hard to calculate or determine if patients were admitted from the emergency room or transferred from community hospitals to expert PH centers. While it is plausible to think that hospitals were not able to manage these patients and thus transferred the patient to a tertiary center, it reflects real world practice. In addition, this data set does not control for errors during the entry of the data. Also, patient specific clinical information was not obtainable which thereby limited the demographic data presented in the research. Results of right heart catheterization were not available for these patients and thus adherence to the diagnostic criteria for PH could not be confirmed. Further studies analyzing hospital coding practices may clarify these concerns. In addition, the NIS data set does not provide details regarding the patient or the hospital, which could help us, explain the rise or decline in the hospital discharges and associated costs.
Conclusion
In conclusion, PH is an escalating concern in the United States healthcare system. This is www.journals.viamedica.pl demonstrated by the significant increase in the hospital cost associated with PH admissions from 2000 to 2013. Future studies analyzing the diagnostic modalities, algorithms and treatment practices of physician's treating PH are necessary to reduce the burden it has on the healthcare system.
